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(54) Process for production of acrylic acid 

(57) An improved process for production of acrylic 
acid by subjecting propylene and/or acrolein to catalytic 
gas-phase oxidation with a molecular oxygen-contain- 
ing gas. The mixed gas thus obtained is contacted with 
an aqueous collecting agent comprising acrylic acid, 
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acetic acid and a pooriy-soluble-in-water solvent, to 
form an aqueous acrylic acid solution; and the aqueous 
acrylic acid solution is subjected to azeotropic distilla- 
tion in the presence of a poorly-soluble-in-water solvent 
to remove by-products and obtain high-purity acrylic ac- 
id. 
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D scription 

The present inv ntion r lates to a process for pro- 
ducing acrylic acid at a high purity by separating by- 
products, particularly acetic acid efficiently from a mixed 
gas obtained by subjecting propylene and/or acrolein to 
catalytic gas-phase oxidation with a molecular oxygen- 
containing gas. More particularly, the present invention 
relates to a process for producing high-purity acrylic acid 
by contacting said mixed gas with an aqueous solution 
containing acrylic acid, acetic acid and a pooriy-soluble- 
in-water solvent, to form an aqueous acrylic acid solu- 
tion, and then subjecting the aqueous acrylic acid solu- 
tion to azeotropic distillation in the presence of a poorly- 
soluble-in-water solvent to remove by-products. 

In catalytic gas-phase oxidation of propylene and/ 
or acrolein with a molecular oxygen-containing gas in 
the presence of an oxidation catalyst, there is obtained, 
as the reaction product, a mixed gas containing acrylic 
acid (an intended compound) and by-products (e.g. ace- 
tic acid). In conventional industrial processes for pro- 
duction of acrylic acid by catalytic gas-phase oxidation 
of propylene and/or acrolein with a molecular oxygen- 
containing gas, a mixed gas obtained by the catalytic 
gas-phase oxidation is absorbed by water in an acrylic 
acid-collecting tower to obtain an aqueous solution con- 
taining acrylic acid and by-products (e.g. acetic acid), 
followed by distillation of the aqueous solution for sep- 
aration of acrylic acid and subsequent purification of the 
separated acrylic acid to obtain a product. 

For example, Japanese Patent Application Kokai 
(Laid-Open) No. 246941/1993 discloses a process in 
which the acetic acid solution obtained is circulated for 
reuse as an absorbent in the acrylic acid-collecting tow- 
er. In the process, however, since a solvent soluble in 
water in a non-negligible amount is used as a solvent 
for azeotropic distillation, a step is necessary for recov- 
ery of the solvent from the aqueous phase distilled off 
from the azeotropic distillation tower, requiring, besides 
the azeotropic distillation tower, a distillation tower for 
recovery of the solvent. Further in the process, since the 
acetic acid solution circulated for reuse as an absorbent 
contains no solvent and substantially no acrylic acid, the 
collection efficiency in the acrylic acid-collecting tower 
is insufficient. 

Japanese Patent Publication No. 34691/1971 dis- 
closes a process which uses heptane as a solvent for 
azeotropic distillation. In the process, however, the 
aqueous phase distilled off from the azeotropic distilla- 
tion tower contains acrylic acid in an amount of only 
0.5% by weight or less and, moreover, there is no de- 
scription on the circulation of the aqueous phase for re- 
use. Further in the process, the separation of acetic acid 
and water at the tower bottom is insufficient, making it 
difficult to obtain a high-purity acrylic acid product. 

The object of the present invention lies in providing 
a high-quality acrylic acid product which has been un- 
obtainable with conventional processes, by, in the pro- 



duction of acrylic acid by catalytic gas-phase oxidation 
of propylene and/or acrolein, tr ating th mixed gas 
formed by the catalytic gas-phas oxidation, by a noble 
method. 

s To achieve the above object, the present invention 
provides a process for production of acrylic acid, which 
comprises: 
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introducing, into an acrylic acid-cojlecting tower, a 
mixed gas obtained by subjecting propylene and/or 
acrolein to catalytic gas-phase oxidation with a mo- 
lecular oxygen-containing gas, and contacting the 
mixed gas with an aqueous collecting agent con- 
taining 0.5-5.0% by weight of acrylic acid, 
3.0-10.0% by weight of acetic acid and 0.01-0.5% 
by weight of a poorly-soluble-in-water solvent, to 
form an aqueous acrylic acid solution, 
introducing the aqueous acrylic acid solution into an 
azeotropic distillation tower and subjecting the so- 
lution to azeotropic distillation using a poorly-solu- 
ble-in-water solvent, to obtain, from the tower bot- 
tom, acrylic acid substantially free from acetic acid, 
water or the poorly-soluble-in-water solvent and 
distil off, from the tower top, a mixture containing 
acetic acid, acrylic acid, water and the poorly-solu- 
ble-in-water solvent, 

introducing the mixture distilled off from the tower 
top, into a storage tank to separate it intoan organic 
phase composed substantially of the poorly-solu- 
ble-in-water solvent and an aqueous phase con- 
taining acrylic acid, acetic acid, the poorly-soluble- 
in-water solvent and water, and 
circulating the organic phase into the azeotropic 
distillation tower. 



The present invention also provides, as one pre- 
ferred embodiment of the above process, a process 
wherein the above-mentioned aqueous phase separat- 
ed in the storage tank is circulated into the acrylic acid- 
40 collecting tower to use it as an acrylic acid-collecting 
agent. 

According to the above process of the present in- 
vention, acrylic acid can be collected at a high efficiency 
by introducing, into an acrylic acid-collecting tower, a 

45 mixed gas obtained by catalytic gas-phase oxidation of 
propylene and/or acrolein with a molecular oxygen-con- 
taining gas; and by subjecting the aqueous acrylic acid 
solution obtained by the above collection, to azeotropic 
distillation in an azeotropic distillation tower, a high-pu- 

50 rity acrylic acid p roduct can be obtained from the bottom 
of the distillation tower. 

Fig. 1 , which is an accompanying drawing, is a flow 
sheet showing a typical embodiment of the present in- 
vention. The present invention is hereinafter described 

55 specifically referring to Fig. 1 . 

The mixed gas containing acrylic acid and by-prod- 
ucts (e.g. acetic acid), obtained by catalytic gas-phase 
oxidation of propylene and/or acrolein with a molecular 
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oxygen-containing gas in the presence of an oxidation 
catalyst, is introduced into an acrylic acid-collecting tow- 
er 101 through a lin 1 , and is contacted with an aque- 
ous collecting agent containing acrylic acid, acetic acid 
and a poorly-soluble-in- water solvent, introduced into 5 
the tower 101 through a line 2, to form an aqueous acryl- 
ic acid solution containing acrylic acid and by-products 
(e.g. acetic acid). The mixed gas after contact with the 
aqueous collecting agent leaves the acrylic acid-collect- 
ing tower 101 through a line 3, and is recycled into an 10 
oxidation reaction step or discharged into the atmos- 
phere as a waste gas via a combustion step. 

The aqueous acrylic acid solution leaves the acrylic 
acid-collecting tower 101 through a line 4, is introduced 
into an azeotropic distillation tower 1 02, and is subjected is 
therein to azeotropic distillation with a poorly-soluble-in- 
water solvent fed through a line 5 as a solvent for aze- 
otropic distillation. From the bottom of the tower 102 
through a line 7 is obtained acrylic acid; and from the 
top of the tower 102 through a line 6 is distilled off a 20 
mixture containing acetic acid, acrylic acid, water and 
the solvent. The distilled mixture is introduced into a 
storage tank 10 through the line 6 and separated therein 
into (1) an organic phase composed substantially of the 
solvent alone and (2) an aqueous phase containing 
acrylic acid, acetic acid, the poorly-sol uble-in-water sol- 
vent and water. The organic phase is circulated into the 
azeotropic distillation tower 1 02 through the line 5. Pref- 
erably, the distilled mixture is allowed to stay in the stor- 
age tank 10 for 0.5-2 hours for complete separation of 
the organic phase and the aqueous phase. 

The aqueous phase separated in the storage tank 
10 is preferably circulated into the acrylic acid-collecting 
tower 101 through the line 2 to be used as an acrylic 
acid-collecting agent. Optionally, part of the aqueous 
phase may be discharged out of the system through a 
line 8. 

The mixed gas introduced into the acrylic acid-col- 
lecting tower 101, i.e. the mixed gas obtained by cata- 
lytic gas-phase oxidation of propylene and/or acrolein 
with a molecular oxygen -containing gas, preferably con- 
tains acrylic acid, acetic acid and steam in amounts of 
10-20% by weight, 0.2-1.0% by weight and 5-15% by 
weight, respectively. These components of the mixed 
gas are collected in the acrylic acid-collecting tower 101 
in the form of an aqueous acrylic acid solution. 

The aqueous acrylic acid solution generally con- 
tains 50-80% by weight of acrylic acid, 1-5% by weight 
of acetic acid and 20-40% by weight of water under the 
ordinary conditions of acrylic acid synthesis. The pro- 
portions of these components in the aqueous acrylic ac- 
id solution are not restricted to the above ranges and 
vary depending upon the operating conditions of the ox- 
idation reactor and/or the acrylic acid-collecting tower. 

The aqueous collecting agent used in the acrylic ac- 
id-collecting tower 101 must contain acrylic acid, acetic 
acid and a poorly-soluble-in- water solvent in amounts 
of 0.5-5.0% by weight, 3.0-10.0% by w ight and 



0.01-0.5% by weight, respectively. An aqueous collect- 
ing agent containing 1 .0-2.0% by weight of acrylic acid, 
4.0-8.0% by weight of acetic acid and 0.01-0.3% by 
weight of a poorly-sol uble-in-water solvent is particular- 
ly preferred. With an aqueous collecting agent contain- 
ing less than 0.5% by weight of acrylic acid or less than 
3.0% by weight of acetic acid, there is no improvement 
of acrylic acid collectability in the acrylic acid-collecting 
tower. When the acrylic acid concentration in the aque- 
ous collecting agent is more than 5.0% by weight and/ 
orthe acetic acid concentration in the agent is more than 
10.0% by weight, the monomer polymerization in the 
azeotropic distillation tower increases significantly and 
the long-term continuous operation of the apparatus be- 
comes difficult and, in order to carry out the continuous 
operation, a large amount of a polymerization inhibitor 
is required, inviting poor economy. The temperature at 
the top of the acrylic acid-col lecting tower is preferably 
50-70°C. 

The aqueous collecting agent is generally fed into 
the acrylic acid-collecting tower 101 through a line 9 in 
the form of an aqueous solution prepared so as to have 
the above composition. In some cases, however, the 
aqueous phase separated in the storage tank 10 is cir- 
culated into the acrylic acid-collecting tower 101 through 
the line 2 and is used as the aqueous collecting agent. 
In that case, the aqueous phase is circulated into the 
collecting tower 101 in an any desired proportion, pref- 
erably in a proportion of 50-90% by weight. When 
50-90% by weight of the aqueous phase is circulated, 
the shortage of the collecting agent is made up with a 
fresh collecting agent through the line 9. Meanwhile, that 
portion of the aqueous phase which is separated in the 
storage tank 10 and which is not circulated into the col- 
lecting tower 101, i.e. 10-50% by weight of the aqueous 
phase is discharged out of the system as a waste water 
through the line 8. Therefore, by circulating more than 
half of the aqueous phase into the collecting tower 101, 
the amount of the waste water can be decreased. In the 
present invention, since the aqueous phase per se can 
be used as the aqueous collecting agent, it is not nec- 
essary to recover, by distillation, the poorly-soluble- in- 
water solvent contained in the aqueous phase in a very 
small amount. 

The aqueous acrylic acid solution formed in the col- 
lecting tower 101 is subjected to azeotropic distillation 
in the azeotropic distillation tower 102 in the presence 
of a poorly-soluble-in -water solvent. The acrylic acid 
drawn out from the bottom of the azeotropic distillation 
tower 102 is sent to an esterification step through the 
line 7 and is used as a raw material for acrylic acid ester, 
per se or after the purification step. 

The poorly-soluble-in- water solvent used as a sol- 
vent for azeotropic distillation in the present invention is 
a solvent having a solubility in water at room tempera- 
ture, of 0.5% by weight or less, preferably 0.2% by 
weight or less. The solvent is specifically at least one 
solvent selected from the group consisting of aliphatic 
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hydrocarbons having 7-8 carbon atoms, aromatic hy- 
drocarbons having 7-8 hydrocarbons and halogenated 
hydrocarbons having 2-6 carbon atoms. More specifi- 
cally, the aliphatic hydrocarbons having 7-8 carbon at- 
oms include heptane, heptene, cycloheptane, cyclohep- 
tene, cycloheptadiene, cycloheptatriene, methylcy- 
clohexane, ethylcyclopentane, dimethylcyclohexane, 
ethylcyclohexane, etc. The aromatic hydrocarbons hav- 
ing 7-8 carbon atoms include toluene, ethylbenzene, xy- 
lene, etc. The halogenated hydrocarbons having 2-6 
carbon atoms include tetrachloroethylene, trichloropro- 
pene, dichlorobutane, chloropentane, chlorohexane, 
chlorobenzene, etc. Preferred as the poorly-soluble-in- 
water solvent is at least one solvent selected from the 
group consisting of heptane, dimethylcylohexane, ethyl- 
cyclohexane, toluene, ethylbenzene and xylene. More 
preferred is at least one solvent selected from the group 
consisting of heptane, toluene and ethylbenzene. 

The present invention has the following meritorious 
effects. 

(1) An aqueous solution containing acetic acid, 
acrylic acid and a solvent for azeotropic distillation 
is used as a collecting agent for collection of acrylic 
acid from a gas mixture; as a result, the acrylic acid 
collectability is high as compared with those in con- 
ventional processes using, as said collecting agent, 
water or an aqueous solution containing water 
alone. 

(2) The aqueous phase of the distillate from the aze- 
otropic distillation tower contains acrylic acid and 
acetic acid; therefore, when the aqueous phase per 
se is used as said collecting agent, neither solvent 
recovery step nor acetic acid separation step is re- 
quired and high-purity acrylic acid is obtained in one 
step. 

(3) Since the solvent for azeotropic distillation can 
be removed completely at the bottom of the azeo- 
tropic distillation tower, there is no mixing of the sol- 
vent into product acrylic acid. 

(4) Since low-boiling impurities are distilled off from 
the azeotropic distillation tower and are not refluxed 
thereinto, monomer polymerization in the tower is 
inhibited. 

The following Examples and Comparative Exam- 
ples describe the present invention specifically. 

Example 1 

Propylene was subjected to catalytic gas-phase ox- 
idation with a molecular oxygen-containing gas in the 
presence of an oxidation catalyst to obtain a mixed gas 
containing 0.680 kg/h of acrylic acid, 0.014 kg/h of acetic 
acid and 0.450 kg/h of water. An operation of collecting 
acrylic acid from the mixed gas was conducted using (1 ) 
an acrylic acid-collecting tower which was filled with cas- 
cade mini-rings (inside diameter: 14 mm) in a height of 



6,000 mm and which was provided with a gas-releasing 
pipe at the top, a raw material-feeding pipe at the lower 
portion, and a bottom solution-drawing pipe at the bot- 
tom, and (2) an aqu ous collecting agent containing 

s 4.8% by weight of acrylic acid, 8.0% by weight of acetic 
acid and 0.01% by weight of octene. 

In a steady-state operation, an aqueous solution 
containing 0.674 kg/h of acrylic acid was obtained from 
the tower bottom and a gas containing 0.006 kg/h of 

10 acrylic acid was released from the tower top. 

Comparative Example 1 

An operation of collecting acrylic acid from the 
is mixed gas mentioned in Example 1 was conducted in 
the same manner as in Example 1 except that the aque- 
ous collecting agent used in Example 1 was replaced 
by an aqueous solution containing 8.0% by weight of 
acetic acid but containing neither acrylic acid nor oc- 
so tene. 

In a steady-state operation, an aqueous solution 
containing 0.660 kg/h of acrylic acid was obtained from 
the tower bottom and a gas containing 0.020 kg/h of 
acrylic acid was released from the tower top. The acrylic 
25 acid content in the released gas was higher by one fig- 
ure than that in Example 1 . 

Comparative Example 2 

30 An operation of collecting acrylic acid from the 
mixed gas mentioned in Example 1 was conducted in 
the same manner as in Example 1 except that the aque- 
ous collecting agent used in Example 1 was replaced 
by an aqueous solution containing 4.8% by weight of 

3S acrylic acid but containing neither acetic acid nor oc- 
tene. 

In a steady-state operation, an aqueous solution 
containing 0.657 kg/h of acrylic acid was obtained from 
the tower bottom and a gas containing 0.023 kg/h of 
40 acrylic acid was released from the tower top. The acrylic 
acid content in the released gas was higher by one fig- 
ure than that in Example 1 . 

Example 2 

45 

The aqueous acrylic acid solution obtained in Ex- 
ample 1 as the bottom solution of the acrylic acid-col- 
lecting tower was introduced into an azeotropic distilla- 
tion tower to conduct azeotropic distillation. The azeo- 
so tropic distillation tower had 60 sieve plates (plate-to- 
plate distance: 147 mm) and were provided with a dis- 
tillate pipe at the top, a raw material-feeding pipe at the 
center and a bottom solution-drawing pipe at the bottom. 
The azeotropic distillation was conducted using octene 
55 as a solvent for azeotropic distillation while controlling 
the tower top pressure at 140 mmHg, the reflux ratio (to- 
tal moles of reflux per unit timeAotal moles of distillate 
per unit tim ) at 0.42, and the amount of raw mat rial 
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fed at 8.12 €/h. 

The distillate from the top of the azeotropic distilla- 
tion tower was introduced into a storage tank to separat 
it into an organic phase and an aqueous phase. In a 
steady-state operation, the aqueous phase contained 
4.8% by weight of acrylic acid, 8.0% by weight of acetic 
acid and 0.01% by weight of octene. The solution drawn 
out from the bottom of the azeotropic distillation tower 
contained 97.0% by weight of acrylic acid, 0.07% by 
weight of acetic acid, 0.02% by weight of water and 
2.91% by weight of other substances. The octene con- 
tent in the solution was below the detection limit (1 ppm). 

The above aqueous phase was circulated into the 
acrylic acid-collecting tower of Example 1 and used as 
an aqueous collecting agent. As a result, in a steady- 
state operation, an aqueous solution containing 0.674 
kg/h of acrylic acid was obtained from the tower bottom 
and a gas containing 0.006 kg/h of acrylic acid was re- 
leased from the tower top. 

Example 3 

An operation of collecting acrylic acid from the 
mixed gas mentioned in Example 1 was conducted in 
the same manner as in Example 1 except that the aque- 
ous collecting agent used in Example 1 was replaced 
by an aqueous solution containing 4.2% by weight of 
acrylic acid, 8.2% by weight of acetic acid and 0.1% by 
weight of ethylbenzene. 

In a steady-state operation, an aqueous solution 
containing 0.675 kg/h of acrylic acid was obtained from 
the tower bottom and a gas containing 0.005 kg/h of 
acrylic acid was released from the tower top. 

Example 4 

Azeotropic distillation was conducted in the same 
manner as in Example 2 except that ethylbenzene was 
used as a solvent for azeotropic distillation and the reflux 
ratio was changed to 0.46. Also, acrylic acid collection 
in acrylic acid-collecting tower was conducted in the 
same manner as in Example 2. 

The distillate from the top of the azeotropic distilla- 
tion tower was introduced into a storage tank to separate 
it into an organic phase and an aqueous phase. In a 
steady-state operation, the aqueous phase contained 
4.2% by weight of acrylic acid, 8.2% by weight of acetic 
acid and 0.1% by weight of ethylbenzene. The solution 
drawn out from the bottom of the azeotropic distillation 
tower contained 97.2% by weight of acrylic acid, 0.06% 
by weight of acetic acid, 0.02% by weight of water and 
2.72% by weight of other substances. The ethylbenzene 
content in the solution was below the detection limit (1 
ppm). 

The above aqueous phase was circulated into the 
acrylic acid-collecting tower of Example 3 and used as 
an aqueous collecting agent. As a result, in a steady- 
state operation, an aqueous solution containing 0.675 



kg/h of acrylic acid was obtained from the tower bottom 
and a gas containing 0.005 kg/h of acrylic acid was re- 
leased from the tower top. 

5 Example 5 

An operation of collecting acrylic acid from the 
mixed gas mentioned in Example 1 was conducted in 
the same manner as in Example 1 except that the aque- 

10 ous collecting agent used in Example 1 was replaced 
by an aqueous solution containing 3.2% by weight of 
acrylic acid, 7.9% by weight of acetic acid and 0.1% by 
weight of toluene. 

In a steady-state operation, an aqueous solution 

is containing 0.673 kg/h of acrylic acid was obtained from 
the tower bottom and a gas containing 0.007 kg/h of 
acrylic acid was released from the tower top. 

Example 6 

20 

Azeotropic distillation was conducted in the same 
manner as in Example 2 except that toluene was used 
as a solvent for azeotropic distillation and the reflux ratio 
was changed to 1.35. Also, acrylic acid collection in 

25 acrylic acid-collecting tower was conducted in the same 
manner as in Example 2. 

The distillate from the top of the azeotropic distilla- 
tion tower was introduced into a storage tank to separate 
it into an organic phase and an aqueous phase. In a 

30 steady-state operation, the aqueous phase contained 
3.2% by weight of acrylic acid, 7.9% by weight of acetic 
acid and 0.1% by weight of toluene. The solution drawn 
out from the bottom of the azeotropic distillation tower 
contained 97.5% by weight of acrylic acid, 0.03% by 

35 weight of acetic acid, 0.02% by weight of water and 
2.45% by weight of other substances. The toluene con- 
tent in the solution was below the detection limit (1 ppm). 

The above aqueous phase was circulated into the 
acrylic acid-collecting tower of Example 5 and used as 

40 an aqueous collecting agent. As a result, in a steady- 
state operation, an aqueous solution containing 0.673 
kg/h of acrylic acid was obtained from the tower bottom 
and a gas containing 0.007 kg/h of acrylic acid was re- 
leased from the tower top. 

45 

Example 7 

An operation of collecting acrylic acid from the 
mixed gas mentioned in Example 1 was conducted in 

so the same manner as in Example 1 except that the aque- 
ous collecting agent used in Example 1 was replaced 
by an aqueous solution containing 1.8% by weight of 
acrylic acid, 7.5% by weight of acetic acid and 0.1% by 
weight of toluene. 

55 in a steady-state operation, an aqueous solution 
containing 0.673 kg/h of acrylic acid was obtained from 
the tower bottom and a gas containing 0.008 kg/h of 
acrylic acid was released from th tower top. 
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Example B 

Azeotropic distillation was conducted in the same 
manner as in Example 2 except that toluene was used 
as a solvent for azeotropic distillation and the reflux ratio s 
was changed to 1.43. Also, acrylic acid collection in 
acrylic acid-collecting tower was conducted in the same 
manner as in Example 2. 

The distillate from the top of the azeotropic distilla- 
tion tower was introduced into a storage tank to separate 10 
it into an organic phase and an aqueous phase. In a 
steady-state operation, the aqueous phase contained 
1 .8% by weight of acrylic acid, 7.5% by weight of acetic 
acid, 0.1% by weight of toluene and 0.01% by weight of 
heptane. The solution drawn out from the bottom of the is 
azeotropic distillation tower contained 97.5% by weight 
of acrylic acid, 0.03% by weight of acetic acid, 0.02% by 
weight of water and 2.35% by weight of other substanc- 
es. The toluene content in the solution was below the 
detection limit (1 ppm). 20 

The above aqueous phase was circulated into the 
acrylic acid-collecting tower of Example 7 and used as 
an aqueous collecting agent. As a result, in a steady- 
state operation, an aqueous solution containing 0.673 
kg/h of acrylic acid was obtained from the tower bottom 25 
and a gas containing 0.007 kg/h of acrylic acid was re- 
leased from the tower top. 

Example 9 

An operation of collecting acrylic acid from the 
mixed gas mentioned in Example 1 was conducted in 
the same manner as in Example 1 except that the aque- 
ous collecting agent used in Example 1 was replaced 
by an aqueous solution containing 2.9% by weight of 
acrylic acid, 8.2% by weight of acetic acid, 0.1% by 
weight of ethylbenzene and 0.01% by weight of hep- 
tane. 

In a steady-state operation, an aqueous solution 
containing 0.673 kg/h of acrylic acid was obtained from 
the tower bottom and a gas containing 0.007 kg/h of 
acrylic acid was released from the tower top. 

Example 10 

Azeotropic distillation was conducted in the same 
manner as in Example 2 except that a mixed solvent of 
ethylbenzene and heptane (mixing ratio = 80:20 by 
weight) was used as a solvent for azeotropic distillation 
and the reflux ratio was changed to 0.55. Also, acrylic 
acid collection in acrylic acid-collecting tower was con- 
ducted in the same manner as in Example 2. 

The distillate from the top of the azeotropic distilla- 
tion tower was introduced into a storage tankto separate 
it into an organic phase and an aqueous phase. In a 
steady-state operation, the aqueous phase contained 
2.9% by weight of acrylic acid, 8.2% by weight of acetic 
acid, 0.1% by weight of ethylbenzene and 0.01% by 



weight of heptane. The solution drawn out from the bot- 
tom of the azeotropic distillation tower contained 97.2% 
by weight of acrylic acid, 0.06% by weight of acetic acid, 
0.02% by weight of water and 2.72% by weight of other 
substances. The content of ethylbenzene and heptane 
in the solution was below the detection limit (1 ppm). 

The above aqueous phase was circulated into the 
acrylic acid-collecting tower of Example 9 and used as 
an aqueous collecting agent. As a result, in a steady- 
state operation, an aqueous solution containing 0.674 
kg/h of acrylic acid was obtained from the tower bottom 
and a gas containing 0.006 kg/h of acrylic acid was re- 
leased from the tower top. 

Example 11 

An operation of collecting acrylic acid from the 
mixed gas mentioned in Example 1 was conducted in 
the same manner as in Example 1 except that the aque- 
ous collecting agent used in Example 1 was replaced 
by an aqueous solution containing 1 .5% by weight of 
acrylic acid, 7.9% by weight of acetic acid, 0.08% by 
weight of toluene and 0.01% by weight of heptane. 

In a steady-state operation, an aqueous solution 
containing 0.672 kg/h of acrylic acid was obtained from 
the tower bottom and a gas containing 0.008 kg/h of 
acrylic acid was released from the tower top. 

Example 12 

Azeotropic distillation was conducted in the same 
manner as in Example 2 except that a mixed solvent of 
toluene and heptane (mixing ratio = 80:20 by weight) 
was used as a solvent for azeotropic distillation and the 
35 reflux ratio was changed to 1 .41 . Also, acrylic acid col- 
lection in acrylic acid-collecting tower was conducted in 
the same manner as in Example 2. 

The distillate from the top of the azeotropic distilla- 
tion tower was introduced into a storage tankto separate 
40 it into an organic phase and an aqueous phase. In a 
steady -state operation, the aqueous phase contained 
1 .5% by weight of acrylic acid, 7.9% by weight of acetic 
acid, 0.08% by weight of toluene and 0.01% by weight 
of heptane. The solution drawn out from the bottom of 
4S the azeotropic distillation tower contained 97.5% by 
weight of acrylic acid, 0.05% by weight of acetic acid, 
0.02% by weight of water and 2.43% by weight of other 
substances. The content of toluene and heptane in the 
solution was below the detection limit (1 ppm). 
so The above aqueous phase was circulated into the 
acrylic acid-collecting tower of Example 1 1 and used as 
an aqueous collecting agent. As a result, in a steady- 
state operation, ah aqueous solution containing 0.672 
kg/h of acrylic acid was obtained from the tower bottom 
55 and a gas containing 0.008 kg/h of acrylic acid was re- 
leased from the tower top. 
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Example 13 

An operation of collecting acrylic acid from th 
mixed gas mention d in Example 1 was conducted in 
the same manner as in Example 1 except that the aque- 
ous collecting agent used in Example 1 was replaced 
by an aqueous solution containing 0.8% by weight of 
acrylic acid, 7.5% by weight of acetic acid, 0.07% by 
weight of toluene and 0.01% by weight of heptane. 

In a steady-state operation, an aqueous solution 
containing 0.671 kg/h of acrylic acid was obtained from 
the tower bottom and a gas containing 0.009 kg/h of 
acrylic acid was released from the tower top. 

Example 14 

Azeotropic distillation was conducted in the same 
manner as in Example 2 except that a mixed solvent of 
toluene and heptane (mixing ratio = 60:40 by weight) 
was used as a solvent for azeotropic distillation and the 
reflux ratio was changed to 1.75. Also, acrylic acid col- 
lection in acrylic acid-collecting tower was conducted in 
the same manner as in Example 2. 

The distillate from the top of the azeotropic distilla- 
tion tower was introduced into a storage tank to separate 
it into an organic phase and an aqueous phase. In a 
steady-state operation, the aqueous phase contained 
0.8% by weight of acrylic acid, 7.5% by weight of acetic 
acid, 0.07% by weight of toluene and 0.01% by weight 
of heptane. The solution drawn out from the bottom of 
the azeotropic distillation tower contained 97.3% by 
weight of acrylic acid, 0.06% by weight of acetic acid, 
0.02% by weight of water and 2.62% by weight of other 
substances. The content of toluene and heptane in the 
solution was below the detection limit (1 ppm). 

The above aqueous phase was circulated into the 
acrylic acid-collecting tower of Example 1 3 and used as 
an aqueous collecting agent. As a result, in a steady- 
state operation, an aqueous solution containing 0.672 
kg/h of acrylic acid was obtained from the tower bottom 
and a gas containing 0.008 kg/h of acrylic acid was re- 
leased from the tower top. 
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A process for the production of acrylic acid, which 
comprises: 

introducing, into an acrylic acid-coliecting tow- 
er, a mixed gas obtainable by subjecting pro- 
pylene and/or acrolein to catalytic gas-phase 
oxidation with a molecular oxygen -containing 
gas, and contacting the mixed gas with an 
aqueous collecting agent comprising from 0.5 
to 5.0% by weight of acrylic acid, from 3.0 to 
10.0% by weight of acetic acid and from 0.01 
to 0.5% by w ight of a poorly-solubl -in-water 
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solvent, to form an aqueous acrylic acid solu- 
tion, 

introducing the aqueous acrylic acid solution in- 
to an azeotropic distillation tower and subject- 
ing the solution to azeotropic distillation in the 
presence of a poorly-soluble-in- water solvent, 
to obtain, from the tower bottom, acrylic acid 
substantially free from acetic acid, water or the 
poorly-soluble-in-water solvent and distilling 
off, from the tower top, a mixture comprising 
acetic acid, acrylic acid, water and the poorly- 
soluble-in-water solvent, 
introducing the mixture distilled off from the 
tower top, into a storage tank to separate it into 
an organic phase composed substantially of 
the poorly-soluble-in-water solvent and an 
aqueous phase comprising acrylic acid, acetic 
acid, the poorly-soluble-in-water solvent and 
water, and 

circulating the organic phase into the azeotrop- 
ic distillation tower. 

A process according to claim 1 , wherein the aque- 
ous phase separated in the storage tank is circulat- 
ed into the acrylic acid-collecting tower as an aque- 
ous collecting agent. 

A process according to any preceding claim, where- 
in the poorly-soluble-in-water solvent is at least one 
solvent chosen from aliphatic hydrocarbons having 
7 to 8 carbon atoms, aromatic hydrocarbons having 
7 to 8 carbon atoms and halogenated hydrocarbons 
having 2 to 6 carbon atoms. 

A process according to any preceding claim, where- 
in the mixed gas introduced into the acrylic acid-col- 
lecting tower comprises from 10 to 20% by weight 
of acrylic acid, from 0.2 to 1 .0% by weight of acetic 
acid and from 5 to 1 5% by weight of water. 

A process according to any preceding claim, where- 
in the aqueous acrylic acid solution introduced into 
the azeotropic distillation tower comprises from 50 
to 80% by weight of acrylic acid, from 1 to 5% by 
weight of acetic acid and from 20 to 40% by weight 
of water 
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